Introduction: Osteoporosis is characterized by low bone mineral density (BMD) and an increased risk of fracture. In randomized controlled trials, denosumab has been shown to significantly reduce the fracture risk in women with osteoporosis. However, little is known about the real-world management of women who are prescribed denosumab.
INTRODUCTION
Osteoporosis is a common disease, characterized by low bone mineral density (BMD), leading to fragile bones and an increased fracture risk [1] . An estimated 27.5 million people were living with osteoporosis in 27 European countries in 2010, including more than half a million people in the Czech Republic and almost a quarter of a million in Slovakia [1] . This is equivalent to 5.0% and 4.2% of the total population in each country, respectively [1] .
Osteoporosis and the consequent fractures are associated with increased mortality and significant patient morbidity, including an increased risk of pain [2, 3] and disability [1, [4] [5] [6] [7] . In 2010, an estimated 44,000 and 22,000 incident fractures occurred in women aged 50 years or older in the Czech Republic and Slovakia, respectively [7] . Osteoporosis also results in a substantial healthcare burden, driven primarily by the costs associated with fractures [7] . The economic burden of incident and previous osteoporotic fractures in 2010 was estimated at €273 million in the Czech Republic and €107 million in Slovakia, with incident fractures representing 60% and 71% of these costs, respectively [7] . Thus, there is a clear need to improve the management of osteoporosis in postmenopausal women in these countries to reduce the significant morbidity and social and economic costs associated with this disease.
Bisphosphonates are prescribed widely to treat osteoporosis [6, 8] , but suboptimal persistence and adherence to treatment have been reported [9] [10] [11] [12] . Denosumab, a fully human monoclonal antibody targeted against the receptor activator of nuclear factor kappa B ligand, is an alternative osteoporosis treatment indicated in postmenopausal women and in men who have an increased risk of fractures [13] . In a pivotal phase 3 study, denosumab (60 mg subcutaneously) administered every 6 months (Q6M) for 3 years in postmenopausal women resulted in a significant reduction in the risk of vertebral, non-vertebral, and hip fractures compared with placebo [14] . Additionally, in patients with suboptimal adherence to daily or weekly oral bisphosphonates, switching to denosumab was well tolerated and more effective at increasing BMD than switching to monthly oral bisphosphonate treatment [15] [16] [17] . Several studies have shown that persistence with and adherence to denosumab are high: 81-95% of patients persist with treatment at 1 year [18] [19] [20] [21] and 91% at 3 years [22] . Furthermore, persistence is 1.5-2.0 times higher with denosumab than with bisphosphonates [12, 19] . Poor persistence and adherence to osteoporosis treatment have been shown to increase fracture risk [23] . Thus, the reduction in fracture risk reported in clinical trials of osteoporosis medications may not be achieved in real-world clinical practice without good adherence to and persistence with treatment.
Denosumab was approved for use in patients with postmenopausal osteoporosis in Europe in 2010 [13] . Following the approval and launch of a new pharmaceutical, assessment of its use in the real-world setting is recommended. The approved dose of denosumab is 60 mg administered subcutaneously Q6M; it should only be administered by an individual who has been adequately trained. Patients prescribed denosumab should also receive concurrent calcium and vitamin D supplementation, unless contraindicated [13, 24, 25] . It should be noted that denosumab reimbursement criteria differ between the Czech Republic and Slovakia. In both countries, patients must have a baseline BMD T score of -2.5 or lower at the femoral neck, lumbar spine, or total hip. For reimbursement in the Czech Republic, patients must also have experienced a previous osteoporosis fracture, be intolerant to other osteoporosis treatments, or have not responded to other available osteoporosis therapies [26] . In Slovakia, denosumab is reimbursed as first-line treatment in patients who have been diagnosed with osteoporosis by dual-energy X-ray absorptiometry (DXA) assessment of BMD or who have sustained an osteoporotic fracture. It is therefore not possible to directly compare the real-world management of patients with osteoporosis in the two countries.
Study Aims
This observational study was conducted to describe the patient characteristics and clinical management of women with postmenopausal osteoporosis who received denosumab 60 mg Q6M as part of routine clinical practice in the Czech Republic and Slovakia during their first 2 years of treatment. This study assessed the initiation, administration, and duration of treatment with denosumab as well as the associated real-world treatment efficacy and safety profile.
METHODS

Study Design
This prospective observational study was conducted in 32 centers. In accordance with the ethical principles of the Declaration of Helsinki, the study protocol was approved by a central regulatory ethics committee in Slovakia and by local institutional ethics committees in the Czech Republic.
Participants
Women were considered eligible for inclusion in the study if they had a clinical diagnosis of postmenopausal osteoporosis, were prescribed denosumab 60 mg Q6M for the treatment of osteoporosis, had received their first injection of denosumab 60 mg within 8 weeks before study enrollment, and had provided written informed consent according to the local regulations of each country. Women were not eligible to take part if they were currently participating in, or had previously participated in, a clinical trial for denosumab, had taken part in any clinical or device trial within the previous 6 months, had any contraindication for denosumab treatment according to the locally approved product label, or had any disorder that, in the opinion of the investigator, compromised their ability to provide appropriate written informed consent. The decision to treat a patient with denosumab 60 mg was made independently of, and before, enrollment in the study. However, the prescription of denosumab, administration of the first injection, and provision of informed consent could occur during the same visit. The recruitment period was from 26 June 2012 to 15 May 2013, and the last patient's last visit to a treatment center was in May 2015. Data were collected on patients for up to 2 years from entry into the study, unless they withdrew from the study or were lost to follow-up. Baseline assessments were conducted up to 1 year before or within 91 days of the first denosumab injection.
A sample size of approximately 300 patients per country was planned, based on the probability of capturing patient-related characteristics with a prevalence of approximately 1% or more in the population. Investigators offered the opportunity to participate in the study to all patients treated with denosumab 60 mg Q6M during the enrollment period until the desired number of patients was reached. This observational study did not alter the routine clinical management of patients.
Study Sites and Data Collection
The study was conducted at 32 centers (15 in the Czech Republic and 17 in Slovakia). After feasibility assessment, the study centers were chosen as representative of clinics providing care to women with postmenopausal osteoporosis in each country and region, regarding type (e.g., hospital, non-hospital) and location. Detailed information on the management of patients treated with denosumab and their clinical characteristics were collected at the initial visit and for up to 24 months from enrollment, either directly or from medical records; this included data on denosumab administration, the healthcare professionals who prescribed and administered denosumab, previous and current therapies, medical history (including history of fractures), comorbidities, adverse drug reactions related to denosumab (ADRs), and serious ADRs.
In the Czech Republic, annual DXA scanning is permitted under the reimbursement criteria. In the absence of an agreed gold-standard scanning interval, however, frequency can vary among centers (e.g., annually, biennially, or 1 year after treatment initiation and biennially thereafter). Therefore, BMD data, as measured by DXA before or during denosumab treatment, were only available according to routine practice in participating centers.
ADRs were coded using the Medical Dictionary for Regulatory Activities (version 14.1 or later). Data on physician-related factors, such as geographical region and specialty, were also collected.
Statistical Analysis
All analyses were conducted on the full analysis set, which consisted of all enrolled patients who met the inclusion criteria. Frequency distributions were described for categorical variables. Continuous variables were summarized as the number of non-missing values, mean, standard deviation, median, lower and upper quartiles, and minimum and maximum values. Missing data were left as missing, and no imputation was applied. To assess the clinical management patterns of patients with osteoporosis, we analyzed data for the proportions of women who received all four denosumab injections; received all denosumab injections at the initial prescribing center; were referred by the prescribing physician to another healthcare professional for continuation of care or follow-up care; had a radiologic bone assessment before the decision to treat with denosumab; had a radiologic bone assessment during treatment with denosumab; had osteoporosis-related laboratory investigations before the decision to treat with denosumab; and had osteoporosis-related laboratory examinations during treatment with denosumab. Data were also analyzed for the types of healthcare professionals who administered denosumab, where denosumab was administered (at or outside of the initial prescribing center), and the number of denosumab injections received by each patient during the 24-month follow-up period.
RESULTS
Patient Characteristics
Six hundred women who met the eligibility criteria were included in this study: 300 from 15 centers in the Czech Republic and 300 from 17 centers in Slovakia ( Supplementary Fig. 1 ). All enrolled patients received at least one denosumab injection, as per routine clinical practice and independent of enrollment on the study. Patient baseline characteristics are presented in Table 1 .
In the Czech Republic, the mean age of the women at enrollment was 69.0 years, the mean time since menopause was 20.7 years, the mean age at menopause onset was 48.3 years, and the mean time since diagnosis of postmenopausal osteoporosis was 5.3 years. Most patients had experienced a previous osteoporotic fracture (67.7%), and approximately one-third (32.3%) had experienced more than one fragility fracture at the time of enrollment. The majority of patients (85.0%) had previously received treatment for osteoporosis, and approximately half (50.3%) had previously received calcium and/or vitamin D supplements. The most common previous osteoporosis treatments were vitamin D supplements (49.3%), calcium supplements (48.0%), ibandronate (40.3%), and alendronate (38.0%). A total of 81.7% of patients had a BMD T score of -2.5 or less at any measured site.
In Slovakia, the mean age of participants at enrollment was 64.3 years, the mean time since menopause was 15.9 years, the mean age at menopause onset was 48.3 years, and the mean time since diagnosis of postmenopausal osteoporosis was 3.0 years. Approximately one-third (30%) of patients had experienced an osteoporotic fracture prior to enrollment, but few (7.0%) had experienced more than one. Approximately half (48.7%) of patients had previously received an osteoporosis therapy; few (6.3%) had previously received calcium and/or vitamin D supplements. The most common previous osteoporosis treatments were ibandronate (18.0%), risedronate (15.0%), strontium ranelate (10.3%), and zoledronate (10.0%). Overall, 76.7% of patients had a BMD T score of -2.5 or less at any site.
Prescribing Physicians and Study Centers
In the Czech Republic, most prescribing physicians were either internists (46.7%) or rheumatologists (40.0%); the most frequent specialist type in Slovakia was rheumatologist (47.1%). In both countries, the majority of prescribing physicians were male (Czech Republic, 73.3%; Slovakia, 52.9%). Most physicians had 10 or more years' experience (Czech Republic, 93.3%; Slovakia, 88.2%). The majority of centers were not in hospitals (Czech Republic, 66.7%; Slovakia, 58.8%), and most were in urban areas (Czech Republic, 93.3%; Slovakia, 100.0%). In the Czech Republic, 93.3% of centers were nonacademic and 6.7% were academic; in Slovakia, 58.8% of centers were non-academic, 23.5% were academic, and 11.8% were classified as both.
Reasons for Prescribing Denosumab
In the Czech Republic, the main reasons for prescribing denosumab were 'intolerant to other osteoporosis therapy' (53.3%), 'low BMD T score' (46.0%), 'a history of osteoporotic fracture' (45.3%), 'multiple risk factors for osteoporotic fracture' (42.0%), and 'failed other available osteoporosis therapy' (36.3%). In Slovakia, the main reasons for prescribing denosumab were 'low BMD T score' (59.3%), 'multiple risk factors for osteoporotic fracture' (20.0%), 'a history of osteoporotic fracture' (18.3%), 'failed other available osteoporosis therapy' (15.7%), and 'intolerant to other osteoporosis therapy' (13.0%). In total, 89% of patients treated in the Czech Republic met the reimbursement criteria for denosumab of: (1) having a baseline BMD T score B -2.5 at the lumbar spine, total hip, or femoral neck and (2) having a history of osteoporotic fractures and/ or being intolerant to, or following failure of, other osteoporosis therapy. Data were not available to determine whether the remaining 11% of patients met the reimbursement criteria for denosumab in the Czech Republic. Equivalent data were not collected for individuals in Slovakia because these reimbursement requirements do not apply. Table 2) .
Treatment Discontinuation
Few patients withdrew from the study: 11.7% of patients (n = 35) in the Czech Republic and 7.0% of patients (n = 21) in Slovakia (Supplementary Fig. 2 ). At the end of the study, no patients in the Czech Republic and two patients in Slovakia were referred to other healthcare professionals. In total, 14.3% of patients (n = 43) in the Czech Republic and 11.3% (n = 34) in Slovakia discontinued denosumab treatment.
Denosumab Treatment
Most patients received their baseline injection and all four post-baseline injections of denosumab during the 24-month observation period (Czech Republic, 82.0%; n = 246; Slovakia, 81.0%; n = 243) ( Table 3) .
Denosumab Administration
More than 98% of patients in both countries received all their injections at the center that initially prescribed denosumab, irrespective of the total number of injections received on study. In both countries, denosumab injections were most commonly administered by a nurse or the physician who prescribed denosumab (Fig. 1 ). In the Czech Republic, considering all injections from baseline to the fourth injection post-baseline, 69.1-75.7% were administered by a nurse compared with 18.0-30.9% by the prescribing physician. In Slovakia, 58.7-65.0% were administered by a nurse and 28.0-40.9% by the prescribing physician ( Fig. 1 ).
Bone Mineral Density
Most patients [272 (90.7%) in the Czech Republic; 275 (91.7%) in Slovakia] had at least one baseline DXA assessment. In the Czech Republic, 48.3% of patients (n = 145) had a DXA measurement at both baseline and 24 months at the lumbar spine, total hip, and femoral neck. In Slovakia, 51.7% of patients (n = 155) had a DXA measurement at baseline and 24 months at the lumbar spine and femoral neck, and 46.3% (n = 139) had measurements at both time points at the total hip. In the Czech Republic, mean BMD T scores at baseline were -2.74, -1.98, and -2.16 at the (Table 4 ). In Slovakia, mean BMD T scores at baseline were -2.57, -1.28, and -1.87 at the lumbar spine, total hip, and femoral neck, respectively, and -1.91, -1.07, and -1.67 at 24 months, respectively ( Table 4 ).
The mean change in BMD T score from baseline to month 24 is shown in Fig. 2 . In both countries, the change was greatest at the lumbar spine. The mean change in BMD T score at the total hip was the same for the two countries, and changes at the lumbar spine and femoral neck were similar between countries. At 24 months, the majority of patients in both improvement was defined as an increase in BMD T score [ 0, worsened was defined as a decrease in BMD T score \ 0, and unchanged was defined as no change in BMD T score (Fig. 2) .
Adverse Drug Reactions
In total, 2.7% of patients (n = 16) reported an ADR: 1.3% in the Czech Republic (n = 4) and 4.0% in Slovakia (n = 12). Of these, only one individual (0.2%), in Slovakia, reported a serious ADR (myocardial infarction, which was resolved within 1 week). ADRs in patients in the Czech Republic were musculoskeletal pain (0.7%; n = 2), headache (0.3%; n = 1), and skin infection (0.3%; n = 1). ADRs in patients in Slovakia were alopecia (0.7%; n = 2), rash (0.7%; n = 2), hypocalcemia (0.7%; n = 2), back pain (0.3%; n = 1), myocardial infarction (0.3%; n = 1), supraventricular tachycardia (0.3%; n = 1), upper abdominal pain (0.3%; n = 1), gingival swelling (0.3%; n = 1), burning sensation (0.3%; n = 1), pyrexia (0.3%; n = 1), dysuria (0.3%; n = 1), and dyspnea (0.3%; n = 1). None of the ADRs were fatal. Seven patients (1.2%) discontinued treatment because of ADRs. New fractures were reported in 6.0% of patients (n = 16) in the Czech Republic and 1.3% (n = 4) in Slovakia. In the Czech Republic, one atypical femoral fracture was reported and positively adjudicated. The fracture occurred approximately 2 years after receiving the first dose of denosumab. This patient was 79 years of age and had slipped on the floor and fallen from a standing position. The fracture was confirmed by radiography, which showed a femoral midshaft fracture. The patient had received bisphosphonates before starting denosumab therapy. Concomitant medications included calcium and vitamin D supplements and solifenacin succinate. Radiography performed within 6 months of the fracture confirmed that it had healed, and the patient was able to walk without assistance. The authors, including the treating physician, did not consider that the fracture was related to denosumab treatment.
DISCUSSION
In this 24-month real-world observational study of postmenopausal women with osteoporosis, conducted in the Czech Republic and Slovakia, most patients were prescribed denosumab according to the reimbursement criteria in their country. In both countries, denosumab was always administered by a healthcare professional, treatment discontinuation was low, as was the incidence of new fractures, and no new safety issues were identified. The baseline characteristics and patient outcomes (specifically BMD) in this real-world study reflect those of the broad population of women with osteoporosis, some of whom are often excluded from clinical trials. There were some notable differences in baseline characteristics between patients from the two countries; patients in the Czech Republic were older, had a higher prevalence of previous osteoporotic fracture, were more likely to have previously received an osteoporosis medication, and had lower mean BMD T scores. This most likely reflects differences in the reimbursement criteria for denosumab between the two countries. Indeed, for most patients, the reasons for prescribing denosumab were in line with the local reimbursement criteria, namely 'low BMD T score,' 'a history of osteoporotic fracture,' 'multiple risk factors for fracture,' 'failure to respond to other available osteoporosis therapy,' and 'intolerance to other osteoporosis therapy.' The fact that DXA assessments were performed in at least 99% of patients prior to prescription of denosumab suggests that the results of these tests influence the treatment decision. Indeed, in the Czech Republic, DXA criteria for diagnosis and treatment must be fulfilled before treatment for osteoporosis is started.
A further 72-84% of women also had DXA scans while receiving denosumab, indicating that, in both countries, many patients continued to be monitored for changes in BMD during treatment. In total, 89% of patients in the Czech Republic met the reimbursement criteria for denosumab. Equivalent data were not collected in Slovakia because these reimbursement requirements do not apply.
Treatment discontinuation rates (11.3-14.3%) were slightly higher than study withdrawal rates (7.0-11.7%) but were relatively low overall; most individuals in both countries received all four post-baseline injections of denosumab (82.0% and 81.0% of patients in the Czech Republic and Slovakia, respectively). The relatively low discontinuation rates observed in the real-world clinical settings are important because, while many patients with osteoporosis are treated with bisphosphonates, results from systematic reviews show that persistence with and adherence to therapy with these agents can be suboptimal [9, 10] . Adherence to bisphosphonates and osteoporosis treatments has also been shown to be poor in studies carried out in postmenopausal women in the Czech Republic [27] and Slovakia [28] . Thus, denosumab may help to improve persistence with therapy compared with bisphosphonates in the real-world setting in these countries. Nevertheless, persistence-enhancing strategies should still be used to optimize medication-taking and clinical outcomes. Results of further studies examining such strategies would be of great interest.
Irrespective of the total number of injections received on study, more than 98% of patients in both countries received all their denosumab injections at the center where the initial injection was prescribed, suggesting similarities in management practices in the two countries. Regular contact with healthcare professionals at the prescribing center may have contributed to the low discontinuation rates in this study. It has previously been shown that regular interaction with nurses improves persistence with osteoporosis therapy [29, 30] .
Persistence with denosumab has been reported to be high: in retrospective and prospective studies, 81-95% of patients were persistent with denosumab after 1 year of treatment and 75-86% were persistent after 2 years [18] [19] [20] [21] 31] . However, an analysis of prescription data from the General Health Insurance Company of the Czech Republic showed that, although 93.8% of postmenopausal women with osteoporosis were compliant with denosumab treatment (defined as a medication possession ratio C 0.8), persistence (defined as a refill gap B 30 days) was only 59.1% after 12 months and 34.8% after 24 months [32] . The disparity between the persistence rate reported from the retrospective database study and the high proportion of women receiving all four doses of denosumab in our study may, in part, be explained by differences in study design. The 30-day refill gap used to define persistence in the retrospective database study could be considered restrictive. Previous retrospective and prospective studies of persistence with denosumab have used a 60-day or 8-week refill gap [18] [19] [20] [21] ; therefore, a refill gap longer than 30 days may be appropriate for assessing denosumab persistence. Our study measured discontinuation rather than persistence so refill gaps are not relevant. In addition, the prospective design of our study may have led to more rigorous recording of medicationtaking behavior; furthermore, patients were aware that they were being observed, which may have influenced their behavior [33] .
The rate of new fractures in Slovakia in our study (1.3%) was in line with the rate reported during clinical trials of denosumab in postmenopausal women with osteoporosis in which the proportion of patients experiencing new fractures ranged from 2.3 to 6.5% during a 3-year study [14] , and the annual incidence of new fractures was 0.8-2.6% in the 10-year Fracture REduction Evaluation of Denosumab in Osteoporosis every 6 Months (FREEDOM) study and extension [34] . However, the proportion of patients in the Czech Republic who experienced new fractures was higher (6.0%) than that reported in clinical studies [14] . Differences in the baseline characteristics of the patients at the Czech Republic centers in our study and those of the FREEDOM study must be considered. The FREEDOM study included women aged 60-90 years who had a BMD T score of -2.5 or less at the lumbar spine or total hip but no less than -4.0 at both sites; women who had taken oral bisphosphonates for more than 3 years were excluded [14] . In addition, differences in the reimbursement criteria in the Czech Republic and Slovakia mean that patients receiving denosumab in the Czech Republic were likely to have more severe disease than those in Slovakia. Indeed, in our study the proportion of patients who had had a previous osteoporotic fracture in the Czech Republic (67.7%) was more than double that reported in Slovakia (30.0%) or among participants in the FREEDOM trial (45.0%) [35] . If previous fracture is considered a strong predictor of future osteoporotic fractures [36] , a higher rate of new fractures would be expected in the Czech Republic population studied here. Given the severity of osteoporosis and the risk factors for fracture in the population in the Czech Republic in this study, the proportion of women experiencing new fractures could be considered relatively low.
No new safety signals were identified, and the ADRs that occurred during the study were consistent with the known safety profile of denosumab or reflected diseases that are common in older women [16, 17, 37, 38] . Given that more than half of patients from the Czech Republic were prescribed denosumab because of intolerance to previous osteoporosis medications, this suggests that denosumab has an acceptable safety profile in patients who are intolerant of other osteoporosis medications.
Study Limitations
Physicians actively chose to participate in this study and therefore may not be representative of all physicians in the Czech Republic and Slovakia. In addition, the patient population may not be representative of all women with osteoporosis in the countries studied. For example, willingness to participate in this study may indicate an increased interest in osteoporosis and an awareness of its seriousness; better adherence to therapy may therefore be expected in this group of patients compared with the general population. Only limited information was collected concerning individuals who chose not to participate, making it difficult to confirm that the patients studied were representative of the broader population treated with denosumab. Moreover, no information was collected on patients who refused denosumab treatment or the reasons for refusal. The study was also limited to centers in the Czech Republic and Slovakia, so the findings may not be representative of patient management practices in other European countries.
There were no mandatory study procedures, so the study was as close to routine clinical settings as possible. Repeat DXA assessments were likely to have been performed using a consistent scanner because most centers had access to only one machine, or chose to use the same machine for repeated scans of an individual patient, to enable a meaningful comparison of serial results. Nevertheless, because DXA assessments were not stipulated in the study protocol and there is no accepted goldstandard assessment interval in routine practice, our ability to assess improvements in BMD with denosumab treatment is limited. Furthermore, data on the least significant change for each DXA machine were not collected so it is not possible to comment on the precision of repeat measurements. As discussed above, the prospective observational nature of the study could have impacted the investigators' and patients' subjective response to treatment. Furthermore, this study was initiated soon after denosumab became available; the results may therefore reflect the experiences of the first patients receiving the drug in these countries (i.e., patients with severe disease who may be willing to receive a new therapy). Finally, the absence of a control group precludes formal comparisons of patient management and medication-taking behavior associated with denosumab and other osteoporosis treatments.
CONCLUSION
The results of this study show that the characteristics of patients prescribed denosumab differ between the Czech Republic and Slovakia, reflecting differences in reimbursement criteria; in both countries, the reasons for prescribing denosumab were in line with local reimbursement criteria. Denosumab was always administered by a healthcare professional, and more than 98% of patients received all their injections at the center where denosumab was initially prescribed. These patient management patterns may have contributed to the high proportion of individuals who received all four post-baseline injections during the 24-month follow-up. In both countries, most patients with a DXA scan performed on the same DXA machine at baseline and month 24 experienced an increase in their BMD T score during the study period.
Furthermore, no new safety risks were identified, and ADRs were consistent with the known safety profile of denosumab. The findings of our study in patients who are at high risk for fracture are consistent with the growing body of evidence demonstrating the effectiveness of denosumab in real-world clinical practice.
